Magnetic resonance angiography and neuromonitoring to assess spinal cord blood supply in thoracic and thoracoabdominal aortic aneurysm surgery  by Nijenhuis, Robbert J. et al.
From the Society for Vascular Surgery
Magnetic resonance angiography
and neuromonitoring to assess spinal cord
blood supply in thoracic and thoracoabdominal
aortic aneurysm surgery
Robbert J. Nijenhuis, MD,a,b Michael J. Jacobs, MD, PhD,b,c Geert W. Schurink, MD, PhD,b
Alphons G. H. Kessels, MD,d Jos M. A. van Engelshoven, MD, PhD,a and Walter H. Backes, PhD,a
Maastricht, The Netherlands; and Aachen, Germany
Objective: Preoperative knowledge of the blood-supplying trajectory to the spinal cord is of interest, because spinal cord
ischemia may occur during thoracic aortic aneurysm (TAA) and thoracoabdominal aortic aneurysm (TAAA) repair and
possibly leads to paraplegia. The Adamkiewicz artery (AKA) is considered to be the most important blood supplier of the
thoracolumbar spinal cord and has therefore been the focus in preoperative diagnostic imaging. However, in TAA(A)
patients, the blood supply to the spinal cordmay strongly depend on (intersegmental) collateral circulation, because many
segmental arteries are occluded as a result of atherosclerosis. Therefore, the importance of preserving the segmental artery
supplying the AKA (SA-AKA) is debated. Here it was investigated whether (1) the AKA and its segmental supplier can
be imaged by using magnetic resonance (MR) angiography and (2) aortic cross-clamping of the SA-AKA influences
intraoperative spinal cord function, monitored by motor evoked potentials (MEPs).
Methods: Preoperative MR angiography was performed to localize the SA-AKA and the AKA in 60 patients (19 TAA,
7 TAAA I, 18 TAAA II, 9 TAAA III, and 7 TAAA IV). Spinal cord function was monitored during surgery by using
MEPs. When MEPs indicated critical ischemia, the SA-AKA was selectively reattached. To test whether aortic cross-
clamping of the SA-AKA was associated with MEP decline, the Fisher statistical exactness test was applied.
Results: The AKA and SA-AKA could be localized in all 60 (100%) patients between vertebral levels T8 and L2 (72% left
sided). In 44 (73%) patients, the SA-AKA was cross-clamped, which led in 32% (14/44) of cases to MEP decline.
Reattachment of the preoperatively localized SA-AKA re-established MEPs and, thus, spinal cord function in 12 of 14
cases. When the SA-AKA was outside the area cross-clamped, the MEPs always remained stable. A significant association
(P < .01) was found between the location of the SA-AKA relative to the aortic cross-clamps and the MEPs.
Conclusions: The AKA can be localized before surgery in 100% of TAA(A) patients by using MR angiography. Location
of the SA-AKA outside the cross-clamped aortic area is attended with stable MEPs. Interestingly, it was found that in
most patients in whom the SA-AKA was cross-clamped, MEPs were not affected, thus indicating sufficient collateral
blood supply to maintain spinal cord integrity. Nevertheless, preoperative knowledge of SA-AKA location is of
importance, because in 32% of patients, spinal cord function was dependent on this supplier. Revascularization of the
SA-AKA can thereby reverse spinal cord dysfunction. (J Vasc Surg 2007;45:71-8.)In thoracic aortic aneurysm (TAA) and thoracoab-
dominal aortic aneurysm (TAAA) repair, maintenance of
spinal cord integrity remains difficult and challenging. The
blood supply to the spinal cord must be assured, because
spinal cord injury in TAA(A) surgery may result even from
temporary ischemia. Under normal physiological condi-
tions, the anterior spinal artery (ASA) of the thoracolumbar
spinal cord is supplied by several (1-4) anterior radiculomed-
ullary arteries.1,2 The largest (and, therefore, thought to be
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doi:10.1016/j.jvs.2006.08.085the most important supplier) is known as the Adamkiewicz
artery (AKA). The vertebral level of the segmental artery
(SA) supplying the AKA may, however, differ among indi-
viduals.1,2 Normally the blood-supplying pathway to the
spinal cord is from the aorta through the SA, the AKA, and
finally the ASA. The pathway through the SA at the level of
the AKA is referred to as being the direct spinal cord supply.
In TAA(A) patients, however, the SA at the level of the
AKAmay be occluded at its origin in the aortic wall because
of the presence of atherosclerosis. The spinal cord then
becomes dependent on intersegmental collateral supply.3-5
This is referred to as being the indirect spinal cord supply.
Because multiple blood-supplying trajectories to the
spinal cord seem to exist, there are opposite views either
for6,7 or against8-10 preoperative localization of the SA s u p -
plying the AKA and its revascularization. Visualization of
the spinal cord arteries by means of intra-arterial catheter–
based angiography, which is the standard of reference, is
not a straightforward procedure. Moreover, catheter-based
angiography is associated with a highly variable sensitivity
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paraplegia (0.4%).4 Therefore, preoperative localization of
the AKA by using catheter-based angiography is not per-
formed in most preoperative workup programs.
Although preoperative imaging can visualize the blood
supply to the spinal cord, it cannot provide information on
its (intraoperative) functionality. To monitor the spinal
cord function during surgery, the technique of transcranial
motor evoked potentials (MEPs) can be used.5,12,13 How-
ever, despite the use of MEPs in addition to other intraop-
erative protective measures, postoperative paraplegia still
occurs.12
Because of technical developments in noninvasive im-
aging modalities such as computed tomographic angiogra-
phy and magnetic resonance (MR) angiography, it has now
become possible to visualize the arteries responsible for the
blood supply to the spinal cord in a noninvasive man-
ner.14-19 Preoperative MR angiography studies of the spi-
nal cord blood supply performed so far have studied the
prevalence of postoperative paraplegia.7,16,20,21 In these
studies, several intraoperative neuroprotective measures,
except the use of intraoperative functional monitoring (eg,
MEPs), were applied. These studies showed different out-
comes regarding the benefit of preoperative localization of
the segmental supplier of the AKA. However, these studies
did not demonstrate whether the SA supplying the AKA
was crucial to maintain the spinal cord function. In our
opinion, the question of whether an SA supplying the AKA
is crucial or not can be answered only by relating the aortic
cross-clamping of this SA to functional measures of the
spinal cord, such as MEPs. A combined approach of preop-
erative angiographic with intraoperative spinal cord–derived
MEPs and segmental cross-clamping would allow investi-
gation of the functionality of the SA supplying the AKA and
the relevance for localizing them.
If a relationship between the preoperative MR angiog-
raphy localization of the SA supplying the AKA relative to
the aortic cross-clamping area and the corresponding MEP
signal can be found, this might have implications for surgi-
cal strategies, both endovascular and open. Therefore, it
was investigated whether (1) the AKA and its segmental
supplier can be imaged by using MR angiography in aortic
aneurysm patients and (2) aortic cross-clamping of the SA
supplying the AKA influences intraoperative spinal cord
function.
PATIENTS AND METHODS
Patients. From September 2002 to October 2005, 60
patients (32 male and 28 female) with either a TAA or
TAAA who planned to undergo elective surgical aortic
aneurysm repair were included in this study. This series was
not consecutive because patients whose conditions were
too critical to undergoMR angiography examination at the
time of admission were not included. The 60 patients (age,
66  11 years; mean  SD) were divided into 5 different
groups according to the extent of their aortic pathology by
using the Crawford classification: 19 TAA, 7 TAAA type I,
18 TAAA type II, 9 TAAA type III, and 7 TAAA type IV.Of the 60 included patients, 21 (35%) had a chronic type B
dissection and, to some extent, atherosclerosis. The re-
maining 39 patients had advanced atherosclerotic disease.
On the basis of the pathologic features, the 60 patients were
divided into the dissection group (21 patients) or the
atherosclerotic group (39 patients).
The medical ethics committee of the hospital approved
the protocol. Written, informed consent was obtained from
all patients before their inclusion.
MR angiography. All patients underwent preopera-
tive MR angiography to localize the AKA and its segmental
supplier. Imaging was performed on a clinical 1.5-T MR
imaging system (Philips Intera; Philips Medical Systems,
Best, The Netherlands) equipped with a phased-array syn-
ergy surface spine coil. The MR imaging protocol included
a bolus timing scan series, in which the time of contrast
arrival in the distal aorta was determined. Subsequently, the
MR angiography examination (consisting of two consecu-
tive dynamic phases) was performed by using a three-
dimensional spoiled gradient echo sequence. A centric k-
space filling scheme synchronized to the arrival of the
contrast agent (dose 0.3 mmol/kg) was used to suppress
the venous blood signal. Voxel sizes were 0.8  0.8 
1.2 mm at acquisition. The two dynamic phases allowed
differentiation based on temporal intensity changes be-
tween the AKA and the great anterior radiculomedullary
vein (GARV), which has a similar spatial configuration.
Details of the imaging protocol have been described else-
where.14,15
Image analysis. MR angiography images were post-
processed by using curved multiplanar reformation. One
image creator determined the level and side of the AKA and
its segmental supplier according to criteria described else-
where.14 When the SA directly connecting to the AKA was
occluded at its origin in the aortic wall, the nearest open SA
with an intersegmental connection to the (partially) oc-
cluded SA was suggested to be the segmental supplier of
the AKA. This situation was referred to as being the indirect
supply to the spinal cord. Because many SAs are occluded
because of atherosclerosis, the number of SAs with an open
(ie, direct) connection to the aorta were determined byMR
angiography for every patient to investigate whether there
was a difference between the dissection and atherosclerotic
groups. Localization of the AKA and its segmental supplier
could be performed within 15 minutes. Before the opera-
tion, the localization of the segmental supplier of the AKA
was reported to the surgeon.
Surgical protocol. The surgical procedure was per-
formed in manner similar to that described before.5,12 Our
spinal cord protection protocol consisted of cerebrospinal
fluid (CSF) drainage, left atrium/femoral artery or femoral
artery/femoral vein bypass enabling distal aortic perfusion,
and spontaneous cooling to 32°C to 33°C with active
rewarming at the end of the procedure. For all patients, the
aortic cross-clamp positions, subsequent MEP signals, lo-
calization of open (ie, back-bleeding) SAs, and revascular-
ization or oversewing of an SA were registered during the
operation and written in the operation report. The surgeon
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bodies upward or downward from vertebral level T12.
MEP monitoring and subsequent operative strat-
egies. The technique of transcranial stimulation has been
described in detail elsewhere.12,13,22 In general, the aorta is
sequentially cross-clamped, thus allowing stepwise exclu-
sion of aortic segments and assessment of changes in MEP
amplitudes. If after placement of the proximal clamp the
MEP decreased, the mean distal aortic perfusion pressure
was increased until the MEP normalized. However, if dur-
ing aortic cross-clamping the MEP rapidly decreased and
was not correctable with increasing distal and mean arterial
pressure, thus indicating that the excluded aortic segment
contained crucial SAs, the clamps were released, and the
patient was actively cooled to 32°C, thus affording addi-
tional neuroprotection. The aorta was then clamped again
and opened. Patent SAs were reattached and perfused until
the MEPs returned to baseline levels. When the origin of
the SA supplying the AKA was inside the cross-clamped
area, this SA was reattached and perfused first. In case MEP
amplitudes remained stable, some SAs were preventively
reattached, except when they arose from a severely diseased
aortic wall. When possible, revascularization of the hypo-
gastric arteries was additionally performed.
Combining MR angiography with MEPs. After the
operation, the localization of the segmental supplier of
AKA on MR angiography was related to the cross-clamp
positions and the corresponding MEP signals. Because the
localization of the segmental supplier to the AKAwas either
inside or outside the cross-clamped area, two different
groups of patients were constituted.
Statistical analysis. The Fisher exactness test was per-
formed to test whether aortic cross-clamping of the SA
supplying the AKA was associated with MEP decline. The
positive and negative predictive values, including confi-
dence intervals, were calculated to demonstrate the rele-
vance for localizing the SA supplying the AKA with respect
to the cross-clamped aorta area and the MEP signal. To
determine whether the number of open preoperatively
determined SAs was significantly different between the
atherosclerotic and dissection groups, the Wilcoxon signed
rank test was used. To investigate whether there was a
significant difference in direct or intersegmental supply of
the AKA between the atherosclerotic and dissection group,
the Fisher exactness test was also used. Statistical signifi-
cance was inferred when the obtained P value was .05.
RESULTS
MR angiography. Adequate MR angiography was
obtained in all 60 (100%) TAA(A) patients. No adverse
effects occurred during or after contrast injection. Al-
though partial enhancement of the GARV was present in
the first phase in 46 of the 60 patients, the AKA could be
separated from the GARV and visualized in all 60 patients
in the first-phase images (example in Fig 1). The GARV was
depicted in 48 patients and could be localized best in the
second-phase images.The arterial trajectory from the aorta through the SA
and AKA to the ASA could be depicted in all 60 patients
(example in Fig 2). However, the SA directly connecting to
the AKA was occluded at its origin in the aortic wall in 40%
(24/60) of the cases. In these cases, the (partially) occluded
SA and, thereby, the AKA were supplied indirectly through
a intersegmental collateral (example in Fig 3). In six pa-
tients, two vertebral levels separated the open (ie, direct
connection with the aorta) SA and the partially occluded
segmental supplier of the AKA. In the 18 remaining pa-
tients, there was only 1 vertebral level difference. The AKA
arose in all cases (100%) between the vertebral levels T8 and
L2 and was found to derive in 72% (43/60) from the left
side and in 28% (17/60) from the right side. A summary of
AKA and GARV localizations is provided in Fig 4.
The number of open SAs (ie, direct connection with
the aorta) from T3 down to L5 in the atherosclerotic group
(9.4 5.0; mean SEM) was significantly lower (P 3
106) compared with the dissection group (18.2  5.6).
Furthermore, it was found that in the atherosclerotic
Fig 1. Coronal multiplanar reformations of preoperative mag-
netic resonance (MR) angiography images in a 69-year-old male
patient with a Crawford type I aortic aneurysm. Images show the
Adamkiewicz artery (AKA) (white arrow) and the great anterior
radiculomedullary vein (GARV) (black arrows) on the anterior
surface of the spinal cord in the first (a) and second (b) phase of the
MR angiogram. Note the similar spatial configuration and, thus,
appearance of the inlet artery and outlet vein. In the second phase,
the signal intensity of the AKA diminishes while the signal intensity
of the GARV increases.group, the AKA was significantly (P  .005) more often
from a segmental artery (SA) one vertebral level below.
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with the dissection group, in which the supply to the AKA
was mostly direct from the aorta and SA (Table).
MEP registration. Adequate MEP monitoring
could be achieved in 100% of the patients. The SA either
directly or indirectly (ie, by a intersegmental collateral)
supplying the AKA was cross-clamped in 44 (73%) of the
60 patients (Fig 5). Excluding the segmental supplier of
the AKA from the direct (aortic) circulation led in 32%
(14/44) of cases to MEP decline (Fig 5). When the SA
supplying the AKA was outside the cross-clamped area
(16 cases), the MEPs remained stable (Fig 5). Reattach-
ment of the preoperatively localized SA supplying the
AKA either directly or indirectly restored the MEPs in 12
(86%) of the 14 patients.
Combining MR angiography with MEPs. A signif-
icant association (P .01) was found between aortic cross-
clamping of the SA supplying the AKA and MEP decline
(Fig 5). This means that the relative position of the SA
supplying the AKA to the cross-clamped aorta area matters
to the intraoperative spinal cord function. However, the
positive predictive value for cross-clamping the SA supply-
ing the AKA and MEP decline was only 32% (95% confi-
dence interval, 20%-45%), whereas the negative predictive
Fig 2. Preoperative magnetic resonance angiography showing an
example of the direct segmental supply to the Adamkiewicz artery
(AKA) in a 70-year-oldmale patient with a Crawford type II aortic
aneurysm. The segmental artery (SA) supplying the AKA and
anterior spinal artery (ASA) is open (ie, not occluded) and derives
at the same vertebral level as the AKA.value was 100% (95% confidence interval, 83%-100%).Fig 4. Overview of the localization (in terms of side and vertebral
level) of the Adamkiewicz artery (white bars) and great anterior
radiculomedullary vein (black bars) bymagnetic resonance angiog-
raphy in 60 thoracic and thoracoabdominal aortic aneurysm pa-
tients. The bar length indicates the number of patients in whom theFig 3. Preoperative magnetic resonance angiography showing an
example of the collateral (indirect) segmental supply to the Ad-
amkiewicz artery (AKA) in a 63-year-old male patient with a
Crawford type I aortic aneurysm. The segmental artery (SA*)
directly connecting to the AKA is partially occluded. The AKA is
supplied by a intersegmental collateral (COL), which originatesvessel was found at that particular vertebral level.
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the atherosclerosis group for whom intersegmental collateral
connections were observed was higher than for the dissection
group (P  .005). This means that in patients with athero-
sclerosis, the spinal cord blood supply depends more strongly
on collaterals than it does in patients with an aortic dissection.
Clinical outcome. No intraoperative death or renal
failure occurred in this series of patients. After surgery,
eight patients (13%) died in the hospital: one patient with a
TAA (respiratory failure), four patients with a type II TAAA
(cardiac and respiratory failure), two patients with a type III
TAAA (sepsis and respiratory failure), and one patient with
a type IV TAAA (sepsis).
In two patients (one type II TAAA and one type III
TAAA), acute paraplegia became evident after the proce-
dure. This neurologic deficit was anticipated becauseMEPs
were entirely absent at the end of the procedure. In these
two patients, sequential clamping of the thoracic and ab-
dominal aorta was associated with a gradual decrease of
MEPs to nonmeasurable amplitudes. Despite increasing
mean arterial and distal aortic pressures and revasculariza-
tion of all available SAs, including the one supplying the
AKA, MEP signals did not return.
In one type II TAAA patient, delayed paraplegia oc-
curred. In this patient, exclusion of the entire aorta did not
lead to a decline in MEPs. Because of the very poor quality
of the aorta and because no MEP declines were observed
during the entire operation, no attempts were undertaken
to revascularize any of the encountered back-bleeding SAs,
including the supplier of the AKA. At the intensive care
unit, the patient experienced a short period of hypotension.
Thereafter, he was unable to move his legs.
DISCUSSION
In this study, we showed that MR angiography is able
to consistently (100%) visualize the blood-supplying trajec-
tories to the spinal cord, including the aorta, SAs, AKA, and
ASA. Moreover, the venous outlet trajectory, which has a
similar spatial configuration and therefore may confound
the detection of the AKA, can be differentiated from the
required arterial inflow trajectories to the spinal cord by
using dynamic two-phase MR angiography. By combining
Table. Two-by-two table showing the number of
patients for the atherosclerosis and dissection group in
whom the Adamkiewicz artery was directly or indirectly
(intersegmental connection) supplied
Variable
Direct
segmental supply
Indirect
intersegmental supply
Atherosclerosis 18 21
Chronic type B
dissection 18 3
The Fisher exactness test revealed that the presence of indirect intersegmen-
tal blood supply was statistically more prevalent (P .005) in atherosclerosis
(54%) than in dissection (14%) patients.MR angiography with intraoperative MEP monitoring, itwas demonstrated that the location of the SA supplying the
AKA relative to the aortic cross-clamp area is significantly
associated with intraoperative spinal cord function.
Previously, the existence and the importance of preop-
erative localization of the AKA and its supplying SA were
doubted. One reason for this was that the AKA could not
be identified in all TAA(A) patients by using catheter-based
angiography.4,11 However, in our opinion and those of
others,11 the inability to localize the AKA should not lead
to the conclusion that the AKA does not exist. Detection
failure of catheter-based angiography might be due to
calcification of the aortic orifices of the SAs in cases with
atherosclerosis or might be caused by a disrupted or de-
tached intima layer in patients with an aortic dissection.
With MR angiography, we were able to localize the AKA in
100% of cases between T8 and L2, which concurs with the
anatomic localizations found in postmortem studies.23,24
Another argument provided against preoperative angiogra-
phy is that paraplegia still occurred in some cases in which
the AKA was identified and its supplying SA was reattached.11
Moreover, Griepp et al8 noticed in their group of patients that
when all SAs were oversewn (ie, not revascularized), no para-
plegia was observed. These findings gave rise to the question
of whether reattachment of the SA connecting to the AKA is
essential to maintain spinal cord function.
Conversely, studies have been published that empha-
size that revascularization of SA is truly essential6 or at least
beneficial7 to prevent paraplegia. To assess whether a spe-
cific SA requires revascularization, the surgeon needs infor-
mation on the contribution to the spinal cord function of
the SA considered. To gain insight into SA contribution,
MEP monitoring has been used. MEP monitoring has
been shown to be a reliable and reproducible method to
decrease the number of patients with postoperative para-
plegia.5,12,13,22 Theoretically, the most optimal use of
MEPs would be to cross-clamp each pair of SAs individually
and assess its pairwise contribution. However, because this
would tremendously increase the total cross-clamp and
operation time, which is associated with a higher chance for
developing paraplegia and other complications, this ap-
proach is not applied. To exclude aminimal number of SAs,
in this study segmental cross-clamping of the aorta was
applied. In this way, approximately three to four pairs of SAs
were excluded at once from the direct aortic circulation.
By using the segmental cross-clamping approach in
combination with the MEP technique and distal aortic
perfusion, a significant association was found for the loca-
tion of the SA supplying the AKA relative to the aortic
cross-clamp area. When the segmental supplier of the AKA
was outside the cross-clamped area, no changes in the
MEPs were observed (ie, 100% negative predictive value).
This finding can be of use in determining preoperative
surgical strategies—for instance, to define the aortic clamp
positions or the distal landing zone of an endovascular stent
graft. Also, during open aneurysm repair, knowledge of the
localization of the SA supplying the AKA can be of impor-
tance. This especially accounts for situations in which a
segment of the aorta is opened and multiple back-bleeding
artery
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and adequate revascularization of the crucial SA is manda-
tory in such a situation, which now can be pinpointed by
preoperative MR angiography. Considering the limited
time available, starting with reattachment of noncritical SAs
can lead to paraplegia. This could also be the reason why in
studies using MEPs in combination with distal aortic per-
fusion and CSF drainage, but without the preoperative
knowledge of the SA supplying the AKA, paraplegia could
not be prevented in all cases.12
In our series, using distal aortic perfusion, 14 cases of
MEP decline were observed in 44 cases in which the SA
supplying the AKA was cross-clamped. This shows that
there is not a strong predictive relation between the exclu-
sion of the SA supplying the AKA from the direct aortic
circulation and MEP decline, because in most patients
(68%) no MEP declines were observed. This also implies
that the segmental supplier of the AKA was not crucial in
these cases to maintain spinal cord function. Spinal cord
function was probably preserved by a combination of intra-
operative protective strategies (distal aortic perfusion, cool-
ing, and CSF drainage). However, although these protec-
tive strategies may be sufficient to maintain the spinal cord
function during surgery, another mechanism, such as col-
lateral blood supply, must exist to preserve the blood supply
to the spinal cord after surgery. In this study, at least a part
of such a collateral supply to the spinal cord was visualized,
because in 24 patients the spinal cord blood supply through
the AKA was dependent on intersegmental collateral con-
nections. As one might expect, this was observed more
often in the patient group with atherosclerosis compared
with the dissection group and likely relates to the fact that
the atherosclerotic group had less numerous open SAs
compared with the dissection group. In patients with ath-
Fig 5. Schematic representation of the number of patien
stable when the segmental supplier of the Adamkiewiczerosclerosis, the chronic but slow process of plaque forma-tion may provide sufficient time for collaterals to form and
mature to realize sufficient collateral circulation, which is
likely stimulated by the increased shear stress in the collat-
eral trajectories in response to the occlusion of many SAs.
For patients with aortic dissections, on the contrary, the
pathologic process is more acute, the required time to form
collaterals is consequently less, and the increase in shear
stress is less likely as multiple SAs remain open.
According to our experience5 and the literature,8 it is
known that collaterals can play an important role in the blood
supply to the spinal cord and may even in some cases be
sufficient to maintain spinal cord function.8 In consideration
of the foregoing, it would be relevant to develop MR acqui-
sition and postprocessing techniques to actually visualize with
ultra-high-spatial resolution the trajectories of the collateral
networks supplying the AKA. Although a collateral network
might be sufficient to maintain spinal cord function, this
provides in our opinion no justification to oversew each SA.
This would make the spinal cord blood supply dependent on
only the collateral circulation and make it potentially vulnera-
ble to low-flow conditions and low blood pressure.11,25 To
emphasize that this can be quite hazardous, the postoperative
paraplegic case is recalled, inwhich the spinal functionalitywas
lost because of low blood pressure. Therefore, it is strongly
advised to revascularize the segmental supplier of the AKA
even if MEPs show no decline.
In conclusion, preoperative MR angiography com-
bined with MEP neuromonitoring enables determination
of the arterial inlet trajectory to the spinal cord that is
sufficient to maintain spinal cord function. This arterial
trajectory to the AKA may either be direct or through a
collateral network and can now be visualized by MR an-
giography. In this study, it was shown that when the
segmental supplier of the AKA was not cross-clamped,
whom themotor evoked potentials declined or remained
was or was not cross-clamped.ts inspinal cord integrity was preserved (ie, the negative predic-
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strategies in a attempt to further decrease the incidence of
postoperative spinal cord complications in the near future.
Furthermore, it can be of additional value in cases in which
endovascular treatment attempts to cover the entire de-
scending thoracic aorta, including the SA supplying the
AKA. In these cases, caution for spinal cord ischemia is
justified, and protective measures are warranted.
We are grateful to Werner Mess, who was responsible
for the intra-operative electrophysiology, and Tim Leiner
and Jan Wilmink, who both brought in ideas during the
study concept design.
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Dr Kenneth Cherry (Charlottesville, Va). If I were to
do your technique and see several arteries going in thatAdamkiewicz? How do you differentiate that from other ar-
teries so that you identify it 100% of the time? Is there ever
confusion?
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January 200778 DiscussionDr Nijenhuis. Indeed you correctly mention that apart from
the Adamkiewicz artery there can be additional anterior radicu-
lomedullary arteries supplying the thoracolumbar spinal cord.
However, the Adamkiewicz artery is the largest anterior radicu-
lomedullary artery. Thus, if more enhancing vessels were observed
in the first-phase MR angiography images that originated from an
intervertebral foramen between T8 and L2 and continued towards
the midline vessel on the anterior spinal cord surface, the one with
the largest (ie, thickest) diameter was considered to represent the
Adamkiewicz, and arteries of smaller diameter (ie, thinner) were
considered to be other anterior radiculomedullary arteries.
Dr Richard Cambria (Boston, Mass). My question is an
anatomic one. You’ve got very detailed imaging on these patients,
and is there any correlation with the CT [computed tomographic]
scan appearance? Those of us who don’t use things like motor-
evoked potential will look at the CT scan and say there is a lot of
thrombus in the T9 to L1 segment; we’re home free, and we’re not
going to have to fiddle with any of those intercostals. So can you
correlate the CT thrombus appearance with your ability to dem-
onstrate direct or indirect supply to the Adamkiewicz artery?
Dr Nijenhuis. We also perform CT angiography in all these
patients. At present, we are evaluating our CT angiography results
with respect to the localization of the Adamkiewicz artery. There-
fore, I am unable to comment on this matter and its relation to
aortic thrombus. However, our preliminary experience is that
because of the obesity of the patients and the fact that CT angiog-
raphy is a transmission technique, localization of the Adamkiewicz
artery is more difficult with CT angiography compared with MR
angiography.
Dr Jan Brunkwall (Bonn, Germany). I have a question re-
garding your decision making. When you decided to reattach the
intercostal arteries, did you rely solely on the MEPs or did you rely
on the MR findings, or was it a combination of the two?
DrNijenhuis.Revascularization is initiated on the basis of the
result of the MEPs. The goal of preoperative localization of the
segmental artery supplying the Adamkiewicz artery byMR angiog-
raphy is to enable selective and targeted revascularization of this
supply in case MEPs drop.
However, also when MEPs remain stable, we preventively
reattach the segmental artery supplying the Adamkiewicz artery
whenever possible, which is again guided by the preoperative MR
angiography.
DrPeterGloviczki (Rochester, Minn). I think it is excellent to
have a noninvasive tool available that tells us about the anatomy of
the spinal cord.
My question is, have you used this technique postoperatively
to follow up the patency of your spinal cord reconstruction?
Sometimes my impression is that some of the reconstructions wedo may not work in the long run, so I’m wondering if you have a
follow-up.
Andmy second question is, have you tried the new-generation
CT angiograms? We have used them effectively to visualize the
artery of Adamkiewicz, and I’m wondering which one is your
preference.
Dr Nijenhuis. Regarding your first question, we perform
postoperative MR angiography for the following reasons: the first
is, as you mentioned, to follow up the patency of the revascular-
ization; the second one is to investigate the development of the
collateral system.
Regarding your CT angiography question, at this moment we
have only a 4-slice CT scanner, so we have no experience with the
new-generation 64-slice scanners. However, we are not yet con-
vinced that these 64-slice scanners will improve the results of the
4-slice scanners. The 64-slice scanner can improve the spatial
resolution as well as the scan time; however, they do not improve
the necessary absorption to increase the visibility of the Adam-
kiewicz artery. So, because of the obesity of our patient population,
our preference is to use MR angiography.
Dr Wilhelm Sandmann (Dusseldorf, Germany). The goal of
any surgeon who replaces the thoracoabdominal aorta is to know
where the blood supply to the spinal cord comes from. In my
experience, however, I saw, probably in one third of over 800
patients, more than half of the intercostal arteries occluded, includ-
ing those fromwhich themajor radicular artery might originate. So
I have difficulties to understand how you could prove in 100% of
your cases where this particular artery arises from.We have patients
where almost all intercostal arteries were occluded and the blood
supply could come from the hypogastric arteries. The latter could
be proven in two patients using sensory evoked potentials recorded
directly from the spinal cord. So with your method, were you able
to show other blood supplies than the Adamkiewicz artery feeding
the spinal cord? This could be interesting for implantation during
surgery as well.
Dr Nijenhuis. The level of the origination of the Adam-
kiewicz artery is fixed; however, the segmental supply to the Adam-
kiewicz artery may vary, as we have shown. In 24 patients the
segmental artery at the level and side of the Adamkiewicz was
occluded at its origin in the aortic wall. In these cases this partially
occluded segmental artery was supplied by intersegmental collat-
erals that originated from the hypogastric artery or from a nearby
segmental artery one or two levels above or below the level of the
Adamkiewicz artery. We labeled a segmental artery as being the
supplier of the Adamkiewicz artery only if this segmental artery had
an open and direct connection with the aorta. Therefore, we
cannot exclude that other segmental arteries contribute as well.
